ABSTRACT. Newborn rabbits were overfed by encouraging them to suckle from two lactating does. Rabbits fed in this way (double fed) were compared with littermate .controls (single fed) at age 7, 14, and 21 days. The double-fed rabbits gained weight more rapidly and at each age contained a higher percentage of fat than their single-fed counterparts. During the 1st wk the double fed rabbits stored some of their extra fat in the cervical and interscapular adipose lobes. Double-fed rabbits utilized their feeds more efficiently than single fed rabbits in that they gained more weight per unit milk intake and their gross energetic efficiency was 10-20% higher. In a second series of experiments oxygen consumption rate was measured in singleand double-fed rabbits at ages 7, 14, 21, and 28 days. The relation between oxygen consumption and body weight were similar. We conclude that rabbits respond to overfeeding with an increased rate of weight gain associated with extra fat deposition, and this is associated with increased energy efficiency. (Pediatr Res 19: 127-130,1985) Adult animals usually are in energy balance, i.e. body weight and composition are constant, and the energy input from the diet equals the energy dissipated as heat. Animals maintain their energy balance by varying their food intake. In man there is a tendency for energy intake to exceed requirements with resultant weight gain and eventual obesity. Rothwell and Stock (9) induced rats to overfeed by offering them a varied and palatable diet (cafeteria fed), and they produced evidence to suggest that adolescent rats can moderate their energy balance by dissipating some of the excess energy input as heat (8). This "thermogenic" response to overfeeding has been termed dietary-induced thermogenesis (10) and evidence has been presented to show that it occurs in brown adipose tissue (8). These findings have been contested by others (7) who believe that any thermogenic response to overfeeding is small and is related to the metabolic cost of synthesising and laying down fat.
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In most mammals brown adipose tissue is most active as a thermogenic organ in the immediate newborn period. One might anticipate that if it had a role in controlling energy balance, it would be most easily demonstrated at this stage. The aim of this study in newborn rabbits was to investigate the effect of overfeeding on growth, particularly with respect to the deposition of fat and the thermogenic activity of brown adipose tissue.
The studies are of some clinical interest. It is current practice to feed immature infants as much as they will tolerate via a nasogastric tube in an attempt to achieve intrauterine growth rate (1 1). Experience with recently developed formulae specially designed for the preterm infant has shown that growth rate may be significantly increased when these readily digestible feeds are used (6) . With further developments it is likely that growth in some preterm infants will exceed intrauterine growth. In these cases it will be important to understand the implications for fat deposition and metabolic rate.
METHODS
The experiments were conducted on young rabbits from a colony of New Zealand White Californian cross-bred rabbits. Nursing does normally feed their young only once a day. Therefore the young can be separated after their first feed and nursed separately, provided they are returned to the mother for approximately 30 min each morning for feeding. In these experiments overfeeding was achieved by introducing the young rabbits to a second lactating doe 8-12 h after they had fed from their own mothers; as first described by Hardman et al. (4) . Rabbits fed in this way will take twice as much milk as their normally fed littermates and are termed "double fed." Litter size was kept to a maximum of six animals and each double-fed rabbit was paired with a littermate of similar birth weight which acted as a singlefed control. During the first 8 days of life, the rabbits were nursed in incubators at 35.0" C. Subsequently, they were transferred to straw-filled nesting boxes with their littermates.
In the first series of experiments the double-fed rabbits were killed after 7, 14, or 2 1 days. The single-fed animals were killed at 7, 14, 21, or 28 days. The last group were of similar weight to the double-fed group at 21 days and this permitted a weight for weight comparison. Six animals in each of the identified groups were studied.
The milk intake of each rabbit was measured by weighing before and after every feed. This tends to underestimate milk intake because rabbits usually micturate while feeding. Energy intake was calculated by assuming that rabbit milk has a mean energy content of 0.866 MJ/100 g. This figure is derived from published data based on the calorimetry of milk obtained from 12 Dutch rabbit does (1).
All the aforementioned rabbits plus six newborn rabbits were subjected to carcass analysis for water, fat, and energy. Prior to homogenization, the adipose tissue lobes were dissected out and weighed and the gut contents and fur were removed from the carcass. Each animal carcass was homogenized with twice its weight of water in a Waring Blendor. Samples of approximately 30 g were freeze dried so that the carcass water content could be estimated. The water estimations were performed in triplicate and the results obtained were subjected to an analysis of variance. The 95%' confidence limits about the mean of each set of observations was +0.73%, which indicates that the homogenate fed rabbits store an excess of fat in these lobes. Subsequently the was adequately mixed and that the freeze drying process had fat content is the same in both groups in relation to body weight. been effective. The freeze-dried homogenate was used for analysis Weight gain in relation to milk intake is shown in Figure 2 for of fat and energy. Total triglycerides were measured in the each week of life in all 42 rabbits studied. As rabbits were killed homogenate and in the adipose lobes by extracting the triglycerides with chloroform/methanol(2: 1, v:v), hydrolyzing the lipid Differences between groups of single-and double-fed rabbits
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were tested for statistical significance using Student's unpaired t weight range 114-550 g. The SEs of the slopes and intercepts of the regression lines were tested for statistically significant differences using Student's t test.
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RESULTS
The double-fed rabbits gained weight more rapidly than the single fed. The carcass weights of the animals analyzed are shown in Table 1 . The mean weights for the carcasses of double-fed animals are very similar to the mean carcass weights of the singlefed animals which are 1 wk older. Therefore it is possible to compare single-and double-fed rabbits of similar body weights (but with different ages). The results of these composition analyses for fat are presented in Table 2 . During normal growth the fat content of the body increased. At each age double-fed rabbits contain a higher proportion of fat than their single-fed counterparts. Comparison of single-and double-fed animals of similar body weight confirms that the double-fed rabbits contain more fat than is usual for their size.
The fat content data for the cervical and .interscapular lobes (hereafter referred to as cervical) of adipose tissue in relation to body weight are presented in 
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Weekly rnllk intake lgl Fig. 2 . The relation between incremental weight gain and weekly milk intake during each week of life in 42 rabbits. <o.oo 1 each week, more data are available covering the earlier weeks of life. It appears that double-fed rabbits not only gain more weight than single-fed each week, but also they gain more weight per unit of milk intake. The impression that double-fed rabbits utilize their feed more efficiently is illustrated in Figure 3 where the efficiency of growth is shown to be greater during life for doublefed rabbits killed at 7, 14, or 21 days than for the single-fed controls.
Oxygen consumption in single-and double-fed rabbits in relation to body weight is shown in Figure 4 . There is no difference between results in single-and double-fed rabbits.
Two estimates of heat loss during life were made. The first estimate was made by assuming that the difference between energy intake and energy accumulated by the carcass represented energy lost as heat. The second estimate was made using the oxygen consumption data. The data were extrapolated to calculate oxygen consumed during life, assuming that the rate of consumption altered by equal increments between the ages at which it was measured. Oxygen consumption was converted to heat loss by assuming that 1 liter of oxygen has an energy value of 30.397 KJ. The two estimates are very similar (Table 3) indicating that the oxygen consumption measurements were indicative of a mean daily metabolic rate. measurement of milk intake. This error will inevitably lead to energy efficiency being overestimated. Nevertheless the comparison between single-and double-fed rabbits remains valid. Second, the estimate of heat loss, calculated from the difference between energy input and accumulated carcass energy, does not take urinary and fecal energy losses into consideration. The error due to urinary losses will be overcompensated by the undermeasurement of milk intake due to micturation, alluded to above. Fecal losses in milk fed rabbits are very small and so we think it unlikely that these errors will significantly affect the result. Third, the calculation of heat loss during life, based on the oxygen consumption measurements, are dependent on the 1-h measurments being representative of the animal's 24-h state. Measurements of metabolic rate over 24 h in rabbits show little fluctuation (E. M. Hey, D. Hull, unpublished data), presumably because of the unique way in which milk is stored in the stomach and gradually released over 24 h, minimizing fluctuations due to the thermogenic effect of food. Furthermore, the estimating of heat loss during life from the carcass energy data and the oxygen consumption data are remarkably similar; this suggests that both estimations are valid. There have been very few studies concerned with the energy efficiency of milk feeds in neonatal animals with which this work can be compared. Davies et al. (1) found that normally fed Dutch rabbits retained 27% of their energy intake during the 3rd-I lth day of life. This contrasts with 47% efficiency for single-fed rabbits during the first 7 days of life. The methods of estimating energy intake were similar but rabbits in Davies' study were not kept in a thermoneutral environment. Therefore energy would have been required to maintain body temperature. It has been shown that rabbits reared in a thermoneutral environment gain weight faster than those reared at 30" C (5) .
We have shown that neonatal rabbits respond to a high energy intake by gaining weight rapidly and laying down extra adipose tissue. Overfeeding did not give rise to an increase in metabolic rate over and above that which was appropriate for weight. As a result a greater proportion of the energy intake was assimilated, leading to an increase in energy efficiency. Dietary-induced thermogenesis leads to a reduction in energy efficiency in overfed animals (8) . Young rabbits are well endowed with brown adipose tissue and respond thermogenically to a cold environment (2) . Double-fed rabbits were overfed to the point of accumulating extra fat, some of which was laid down in the brown adipose lobes. Therefore double-fed rabbits had the means and the stimulus for dietary-induced thermogenesis, but there was no evidence to suggest that it occurred.
If these results in rabbits are applicable to the human infant, then overfeeding premature infants is likely to be associated with accelerated growth and extra deposition of adipose tissue. Metabolic rate is unlikely to rise above that which is appropriate for the infant's weight and therefore a large rise in oxygen consumption would not be anticipated. This is reassuring, as some very low birth weight infants have chronically compromised respiratory function.
